amples of significant sources of air pollution. Already, anthropogenic pollutants are estimated to have tripled in SWA between 1950 and 2000 (Lamarque et al. 2010) , with similar, if not larger, increases expected by 2030 (Liousse et al. 2014 ). These dramatic changes will affect three areas of large socioeconomic importance (see the more detailed discussion in Knippertz et al. 2015) :
1) Human health on the urban scale:
High concentrations of pollutants, particularly fine particles, in existing and evolving cities along the Guinea Coast cause respiratory diseases with potentially large costs to human health and the economic capacity of the local workforce. Environmental changes, including atmospheric pollution, have already significantly increased the cancer burden in West Africa in recent years (Val et al. 2013) . 2) Ecosystem health, biodiversity, and agricultural productivity on the regional scale: Anthropogenic pollutants reacting with biogenic emissions can lead to enhanced ozone and acid production outside of urban conglomerations (Marais et al. 2014) , with detrimental effects on humans, animals, and plants (both natural and crops). The small-scale farming immediately to the north (and thus downstream) of the cities along the Guinea Coast is important for food production and would be seriously affected by degraded air quality. 3) Regional Climate: Primary and secondary aerosol particles produced from biogenic and human emissions can change the climate and weather locally through their effects on radiation and clouds, which could modify the regional response to global climate change (Boucher et al. 2013 ). An illustration of the co-occurrence of clouds and large | 1453 amounts of aerosol is given in Fig. 3 for a typical situation in spring. Associated effects on temperature, rainfall, and cloudiness can feed back on the land surface, ecosystems, and crops and affect many other important socioeconomic factors such as water availability, production systems, physical infrastructure, and energy production, which relies on hydropower in many countries across SWA (e.g., Lake Volta).
To date, the impacts of the projected rapid increases in anthropogenic emissions are largely unknown and present a pressing concern. The new DACCIWA (Dynamics-Aerosol-Chemistry-Cloud Interactions in West Africa) project will for the first time provide a comprehensive scientific assessment of these impacts and disseminate results to a range of stakeholders to inform policies for a sustainable development of this heavily populated region. In this way it will build on results from large aerosol-chemistry-cloud programs in other parts of the world such as ACE-2 (Raes et al. 2000) , INDOEX (Heymsfield and McFarquhar 2002) , and VOCALS (Mechoso et al. 2014) . However, the complexity of sources and rapid development in SWA make this a very different situation-and considerably more complex-than, for example, the biomass burningdominated pollution experienced over Amazonia (Roberts et al. 2003) . This article will provide an overview of the project and t he planned research activities and expected outcomes.
PROJECT PARTNERS AND COLLABOR A-
TIONS. The DACCI-WA project runs from 1 December 2013 until 30 November 2018 and receives a total funding from the European Union of €8.75M. The scope and logistics of the project demand an international and multidisciplinary approach. The consortium is composed of sixteen partners from four European and two West African countries and consists of universities, research institutes, and operational weather and climate services (Fig. 4) . The project is coordinated by the Karlsruhe Institute of Technology in Germany. DACCIWA builds on a number of past and existing successful projects and networks in West Africa such as the African Monsoon Multidisciplinary Analysis (AMMA; Redelsperger et al. 2006) , the Ewiem Nimdie summer schools (Tompkins et al. 2012) , and the IGAC (International Global Atmospheric Chemistry)/ DEBITS (Deposition of Biogeochemically Important Trace Species)/AFRICA (IDAF) atmospheric chemistry and deposition monitoring network (http://idaf .sedoo.fr), but the focus is now for the first time on the densely populated coastal region of West Africa and on anthropogenic emissions. The expertise covered by the DACCIWA consortium ranges from atmospheric chemistry, aerosol science, air pollution, and their implications for human and ecosystem health to atmospheric dynamics, climate science, cloud microphysics, and radiation. It includes expertise in observations from ground, aircraft, and space as well as modeling and impact research. There are numerous African Partners linked to DACCIWA through subcontracts and other forms of collaborations, the most important of which are listed in Table 1 . To develop scientific knowledge and data for wider application by users, policymakers, and operational centers, DACCIWA frequently interacts with an Advisory Board of key representatives from relevant groups ( Table 2) .
OBJECTIVES AND WORKPACKAGES. DACCIWA aims to contribute to ten broad objectives. The first nine are research-focused and cover the whole process and feedback chain from surface-based emissions to aerosols, clouds, precipitation, radiative forcing, and the regional monsoon circulation, taking into account meteorological as well as health and socioeconomic implications in an integrated way. A further objective targets the dissemination of scientific results and data. The objectives are:
O1. Quantify the impact of multiple sources of anthropogenic and natural emissions, and transport and mixing processes on the atmospheric composition over SWA during the wet season. O2. Assess the impact of surface/lower-tropospheric atmospheric composition, in particular that of pollutants such as small particles and ozone, on human and ecosystem health and agricultural productivity, including possible feedbacks on emissions and surface fluxes. O3. Quantify the two-way coupling between aerosols and cloud and raindrops, focusing on the distribution and characteristics of cloud condensation nuclei (CCN), their impact on cloud characteristics, and the removal of aerosol by precipitation. O4. Identify controls on the formation, persistence, and dissolution of low-level stratiform clouds, including processes such as advection, radiation, turbulence, latent-heat release, and how these influence aerosol impacts. O5. Identify meteorological controls on precipitation, focusing on planetary boundary layer (PBL) development, the transition from stratus to convective clouds, entrainment, and forcing from synoptic-scale weather systems. O6. Quantify the impacts of low-and mid-level clouds (layered and deeper congestus) and aerosols on the radiation and energy budgets with a focus on effects of aerosols on cloud properties. O7. Evaluate and improve state-of-the-art meteorological, chemistry, and air-quality models as well as satellite retrievals of clouds, FIELD CAMPAIGN. The availability of observations is a major limitation to addressing the DACCIWA research objectives listed above. To alleviate this, DACCIWA plans a major field campaign in SWA during June and July 2016, which will include coordinated flights with three research aircraft and a wide range of surface-based instrumentation (possibly also unmanned aerial vehicles) at Kumasi, Ghana; Savé, Benin; and Ile-Ife, Nigeria (for locations, see Fig. 1 ). Beginning in June 2014, field preparations and some sodar and other surface-based measurements have already been made at the Ile-Ife site (dry runs). JuneJuly is of particular interest, as it marks the onset of the WAM and is characterized by increased cloudiness (e.g., relative to that shown in Fig. 3 ) with both deep precipitating clouds and shallow layer clouds, susceptible to aerosol effects and important for radiation. 
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The main objective for the aircraft detachment is to build robust statistics of cloud properties as a function of pollution and meteorological conditions. The payload of three aircraft (French SAFIRE ATR42, German DLR Falcon20, UK FAAM BAe146) is required to carry the instrumentation needed to measure chemistry, aerosol, and meteorology in sufficient detail. The flight strategy includes north-south transects between the Gulf of Guinea and ~12°N to sample cloud properties in different chemical landscapes (including different ecosystems) and coast-parallel flights along the latitude of the ground sites (6°-7°N) to assess the differences between areas downstream of cities and those with less anthropogenic emissions for similar climatic conditions. The involved operational centers will provide tailored forecasts to support flight planning during the campaign.
The main purpose of the ground campaign is to obtain detailed information on the diurnal evolution of the PBL and its relation to cloud cover, type, and properties, as well as precipitation. The three ground sites are representative of continental conditions, with frequent occurrence of low-layer clouds in the morning hours. Kumasi and Ile-Ife are also affected by land-sea breeze convection in June in the afternoon. Having three measuring sites will allow the assessment of local factors such as orography and distance to the coast, and aid in the analysis of synoptic-scale weather systems and variability. The ground campaign will be complemented by an enhancement of radiosoundings from the existing and reactivated AMMA network (Parker et al. 2008) in the area (Fig. 1) . More information on payloads, instrumentation, and observational strategy are available on www.dacciwa.eu and will be summarized in an overview article after the campaign.
LONG-TERM MONITORING. The intensive field campaign described in the previous section can only allow a relatively short snapshot of the complex conditions over West Africa. An important aspect of the project is therefore to also improve long-term monitoring and data availability. This will include the set-up/ enhancement of networks of surface-based stations around Kumasi (mainly precipitation measurements during 2015-2018) and in Cotonou and Abidjan (air pollution, radiation during 2014-2018) (Fig. 1) . The latter will form the basis for updates and extensions to emission inventories and will be accompanied by analyses of urban combustion pollutants, inflammatory risks, and health information from nearby hospitals.
DACCIWA will work closely with West African weather services (Table 1) to digitize data from their operational networks. Figure 1 clearly shows the importance of filling data gaps in the region, particularly in Ghana and Nigeria.
Observations from the short-and long-term DACCIWA field activities (e.g., rainfall, sunphotometer measurements) will be used to validate satellite retrievals of aerosols, cloud, radiation, and precipitation [e.g., products from Spinning Enhanced Visible and Infrared Imager (SEVIRI), Moderate Resolution Imaging Spectroradiometer (MODIS), Visible Infrared Imaging Radiometer Suite (VIIRS), Cloud-Aerosol lidar and Infrared Pathfinder Satellite Observation (CALIPSO), CloudSat, Megha-Tropiques, and Global Precipitation Measurement (GPM)] through detailed analysis of joint distributions of variables and radiation closure studies. This multisensor approach will allow characterization of the full cloud-aerosolprecipitation-radiation system and advance understanding of the key physical processes and feedbacks. An effective comparison between the ground-and space-based observations with the aircraft measurements will be achieved through overflying ground sites and coordination with satellite overpasses. Ultimately, this will help to provide improved longerterm remote sensing data for the region. Again, more details are provided at www.dacciwa.eu.
MODELING. DACCIWA plans to conduct coordinated experiments involving a wide range of complementary models with different resolutions and levels of complexity. Realistic model runs will allow a direct comparison to field measurements, while sensitivity experiments will reveal the influence of single model parameters. The range of models used in DACCIWA will include (for more details, see www.dacciwa.eu):
• Large-eddy simulations for the PBL and low-cloud development as well as turbulence-chemistry interactions; • detailed chemistry and air pollution models to assess emissions, air pollution, secondary aerosol formation, and health impacts; • high-resolution (down to 100-m grid spacing) regional models, some with fully coupled aerosol-cloud interactions to assess the influence of aerosols on cloud evolution and precipitation generation and to quantify systematic biases in less complex or lower-resolution models;
• radiative transfer models to improve process understanding and satellite retrievals; • regional meteorological models to provide information on rainfall types and seasonal evolution; • global models to assess effects of cloud-radiative forcing and precipitation on the WAM system, including feedbacks and future scenarios.
All DACCIWA observations, including satellite data, will be used for model evaluation in detailed case studies. This work will be complemented by statistical analyses of selected existing model data (reanalysis, climate simulations, and research experiments). Scenario experiments will be conducted using emission projections compiled as part of DACCIWA to assess the range of possible future developments and their socioeconomic implications. Collaboration with operational centers will encourage the uptake of scientific results into weather forecasting and climate prediction.
Modeling studies will specifically target parameterizations of the PBL, chemistry, moist convection, cloud microphysics, and radiation. Results from parameterizations will be compared with observational data, and sensitivities to explicit versus parameterized representations of these processes will be evaluated. The DACCIWA modeling strategy includes the consortium-wide sharing of model output from individual WPs run at institutions with the critical expertise and infrastructure required to carry out simulations efficiently. A standard set of model domains will facilitate this: global, continental (West Africa), regional (flight area), and local (supersites or case studies from flights), with corresponding standard grid spacings and initial conditions. This will enable the use of a seamless approach within DACCIWA [i.e., understanding how model errors in "fast processes" lead to systematic biases in weather and climate models (e.g., Birch et al. 2014) ]. CONCLUDING REMARKS. DACCIWA will significantly advance our scientific understanding as well as our capability to monitor and realistically model key interactions between surface-based emissions, atmospheric dynamics and chemistry, clouds, aerosols, and climate over West Africa. This will pave the way to improving future projections and their expected impacts on socioeconomic factors such as health, ecosystems, agriculture, water, and energy, which will inform policymaking from the regional to the international level. To bring about progress in these areas, DACCIWA will do the following:
1) It will generate an urgently needed observational benchmark dataset for a region, where the lack of data currently impedes advances in our scientific understanding and a rigorous evaluation of models and satellite retrievals. The campaign data will be added to the AMMA database (Fleury et al. 2011) and will be available to the wider scientific community after a two-year embargo period and to selected partners on request as regulated by the DACCIWA data protocol. It is hoped that in this way DACCIWA can make an important contribution to future attempts to synthesize our understanding of aerosol chemical composition and climate impacts (e.g., Quinn and Bates 2005) .
2) It will contribute to the improvement of operational models through process studies using a multiscale, multicomplexity ensemble of different state-of-theart modeling systems, which will be challenged with high-quality observations. DACCIWA will work closely with operational centers to ensure the uptake of new scientific findings into model development and improvement of predictions on weather, seasonal, and climate time scales.
3) It will advance our scientific understanding by exploiting observations and modeling to, for the first time, characterize and analyze the highly complex atmospheric composition in SWA and its relation to surface-based emissions in great detail. DACCIWA will document the diurnal cycle over SWA in an unprecedented and integrated manner and will build on new advances in cloud-aerosol understanding and modeling, and apply them to a highly complex moist tropical region. DACCIWA will contribute to the scientific understanding, climatology, and modeling of Guinea Coast rainfall systems, advance our understanding of the effects of aerosol and clouds on the radiation and energy budgets of the atmosphere, and investigate key feedback processes between atmospheric composition and meteorology. DACCIWA will be the first project that extensively studies the role of SWA drivers for the continental-scale monsoon circulation. 4) It will advance the assessment of socioeconomic impacts of these atmospheric processes across SWA. DACCIWA will expand and analyze existing datasets on air pollution and medical data including future projections; further our understanding of regional ozone and PM2.5 levels and assess mitigation strategies; provide a comprehensive assessment of the contribution of short-lived pollutants | 1459 on regional climate change in SWA; and estimate potential implications on water, energy, and food production. DACCIWA will communicate relevant aspects to policymakers and other relevant stakeholders through dedicated policy briefs.
It is hoped that the improved scientific understanding, as well as observational and modeling tools of chemical/physical processes in West Africa, will support and inspire similar research in other monsoon regions around the world.
